Manipulation of inhibition in the owl's nucleus laminaris and its effects on optic tectum neurons.
Differences in arrival time and intensity (or level) of sound between the ears serve as cues for localization of sound in many animals. Barn owls use interaural time difference (ITD) and interaural level difference (ILD) for localization in azimuth and elevation, respectively. The owl's brain processes these two cues in separate pathways. The nucleus laminaris is the first site that detects ITDs by methods of delay lines and coincidence detection. The nucleus ventralis lemnisci lateralis, pars posterior is the first site of processing ILDs. The two pathways merge in the inferior colliculus to give rise to sensitivity to combinations of ITD and ILD. This selectivity is relayed to the optic tectum where neurons are sensitive to both visual and auditory stimuli. The present paper reports the results of manipulating inhibition in the nucleus laminaris and its effects on the optic tectum neurons. Injection of GABA or muscimol (a GABA(A) receptor agonist) in the nucleus laminaris reduces the responses of its neurons to ITD. This finding proves that GABA(A) receptor-mediated inhibition acts on the nucleus laminaris neurons. The same treatment did not affect the neurons of the nucleus ventralis lemnisci lateralis, pars posterior, whereas it reduced the response of the optic tectum neurons to ITD-ILD pairs. We conclude that although the two pathways are independent, the process of combining ITD and ILD creates a new relationship in which the output of the neuron varies with the amplitude of either input. This conclusion is consistent with the recent finding that the combination sensitivity is due to a multiplication of ITD and ILD inputs.